BACKGROUND: Obesity is a common health problem that requires a long-term care approach. We systematically reviewed long-term (Z2 y) studies investigating dietary/lifestyle, pharmacologic, and surgical weight loss methods to assess (1) weight loss efficacy, defined by absolute weight loss and the proportion of subjects with Z5% weight loss, (2) effects of weight loss on cardiovascular risk factors, and (3) applicability of findings from studies to everyday clinical practice. METHODS: The MEDLINE, HealthSTAR, and the Cochrane Controlled Trials databases were searched for studies investigating the long-term efficacy of weight loss methods in overweight and obese adults. Data were extracted for (i) weight loss after 1 y (pharmacologic studies only), 2 y, 3 y, and 4 y, (ii) proportion of subjects with Z5% weight loss at the end of follow-up, and (iii) changes (end-of follow-up minus baseline values) in blood lipids, fasting blood glucose, and systolic and diastolic blood pressure. RESULTS: Dietary/lifestyle therapy provides o5 kg weight loss after 2-4 y, pharmacologic therapy provides 5-10 kg weight loss after 1-2 y, and surgical therapy provides 25-75 kg weight loss after 2-4 y. Weight loss of Z5% baseline weight is not consistently associated with improvements in cardiovascular risk factors and these benefits appear to be intervention specific and occur mainly in people with concomitant cardiovascular risk factors. Weight loss studies have methodologic limitations that restrict the applicability of findings to unselected obese people assessed in everyday clinical practice. These limitations include an inadequate study duration, large proportions of subjects lost to follow-up, a lack of an appropriate usual care group, and a lack of reporting of outcomes in high-risk subgroups. CONCLUSIONS: Dietary/lifestyle and pharmacologic weight loss interventions provide modest weight loss, and may improve markers of cardiovascular risk factors although these benefits occur mainly in patients with cardiovascular risks. Studies investigating weight loss have methodologic limitations that restrict the applicability of findings to obese patients assessed in clinical practice.
Introduction
Obesity is a major health care priority of the 21st century. [1] [2] [3] Obesity is associated with an increased risk for cardiovascular disease, type 2 diabetes, hypertension, dyslipidemia, and other diseases. [4] [5] [6] [7] In 2000, 30% of adults in the United States were obese, with a body mass index (BMI) Z30 kg/m 2 , and 34% were overweight, with a BMI 25-29.9 kg/m 2 , and at risk for obesity. 8 The prevalence of obesity in the United States and other industrialized countries has increased by 50-60% since 1980.
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Numerous short-term studies, usually of 6 months duration, have investigated weight loss. However, obesity is a chronic condition, like diabetes or hypertension. [13] [14] [15] [16] [17] [18] Lifelong management is required and long-term studies of efficacy are most relevant. Also, weight regain will be undetected in short-term studies because it occurs slowly in over 80% of people who lose weight. 2, 19, 20 Clinically important weight loss, defined by obesity experts as loss of 5-10% of baseline weight, [21] [22] [23] [24] may improve lipid, glucose, and blood pressure levels, [25] [26] [27] with potential reductions in cardiovascular disease. [28] [29] [30] However, it is unclear if weight loss improves risk factors in all obese persons or only in high-risk groups. Finally, it is important to determine if weight loss studies are applicable to the everyday clinical management of obese patients. We, therefore, systematically reviewed long-term studies investigating dietary/lifestyle, pharmacologic, and surgical methods of weight loss to assess (1) weight loss efficacy, defined by absolute weight loss and the proportion of subjects with Z5% weight loss, (2) effects of weight loss on cardiovascular risk factors, and (3) applicability of findings from studies to everyday clinical practice.
Methods

Data sources
The MEDLINE (1966 ( -September 2003 , HealthSTAR (1975 -September 2003 , and Cochrane Controlled Trials Register (1990-September 2003) databases were searched for weight loss studies in adults, aged 18-65 y. Search strategies used the key words obesity, overweight, body mass index, treatment, weight reduction, randomized controlled trial, and cohort study. English and non-English articles were searched to avoid language-related selection bias, 31 but only articles with an English abstract were reviewed. This search was supplemented by a review of relevant bibliographies and consultation with experts to identify overlooked articles. 32 
Study selection
Studies were identified using prespecified methods. 33, 34 Eligible studies satisfied three criteria: (1) the study population consisted of overweight or obese adults with a BMI Z25 kg/m 2 ; (2) the study investigated a prespecified dietary/ lifestyle, pharmacologic, or surgical weight loss method; and (3) the study was a clinical trial (ie randomized controlled or nonrandomized). Eligible studies with one or more of these characteristics were excluded: (1) nonconsecutive (or selected) subjects were studied, such as those required to attain weight loss targets prior to enrollment; (2) o100 subjects were studied, since skewed results that misrepresent a treatment effect may occur in small studies; 35 (3) the intervention is not approved for clinical use (eg fenfluramine) 36 or is approved only for short-term use (eg benzphetamine); 37 and (4) the duration of subject follow-up was o2 y. (A 1 y of follow-up was allowed for pharmacologic studies because only four studies were identified with a follow-up of Z2 y.) Eligible studies were reviewed independently by two authors (JD, CM) to assess inclusion suitability and data extraction accuracy. Interobserver agreement was assessed with the kappa (k) statistic, 38 and disagreements were resolved by consensus. 
Data extraction
For each weight loss method in each study, we extracted data (whenever possible) in three domains: (1) weight loss efficacy: body weight (kg) at baseline, after 1 y (pharmacologic studies only), 2, 3, and 4 y; and weight loss of Z5% at the end of the follow-up. Weight loss data were extracted separately for the 'last-observation-carried-forward' method of analysis, which documents weight loss for all subjects regardless of when they leave the study, and for the 'study-completers' method of analysis, which documents weight loss only for subjects who completed follow-up. (2) Effects on cardiovascular risk factors: we assessed the effect of weight loss on change in cardiovascular risk factor levels, from baseline to the end of follow-up, for five risk factors that are considered clinically important: [39] [40] [41] (i) low-density lipoprotein (LDL) cholesterol;
(ii) high-density lipoprotein (HDL) cholesterol; (iii) triglycerides; (iv) fasting blood glucose; (v) systolic and diastolic blood pressure. (3) Applicability to clinical practice: we assessed four study design criteria that we considered relevant to the applicability of findings to clinical practice: (i) duration of study; (ii) proportion of subjects lost to follow-up; (iii) appropriate control or 'usual care' group; and (iv) weight loss effects on cardiovascular risk factors in high-risk groups. We also assessed study quality using a prespecified grading system outlined in Appendix A1. 34 
Data analysis
Meta-analysis was used to pool the results of studies investigating the efficacy of orlistat and sibutramine compared with placebo, measured by the proportion of subjects with Z5% weight loss after 1 or 2 y of treatment. For fixed and random effects models, a weighted summary estimate of treatment effect was obtained and was expressed as an odds
Long-term efficacy of weight loss methods JD Douketis et al ratio (OR) and 95% confidence interval (CI). The w 2 test was used to assess heterogeneity across studies, and in cases of significant heterogeneity (Po0.10) the results were based on the random effects model. 42 Meta-analysis was not appropriate for dietary and surgical studies, because these studies differed in their interventions, nor for metformin therapy studies, because only two studies were available. A descriptive analysis was used to summarize these studies. Metaanalysis was not feasible to assess the effects of weight loss on markers of cardiovascular risk because there was no consistency in the markers assessed across studies nor consistent availability of measures of variation (ie standard deviation or standard error) for point estimates across studies. The applicability of findings to clinical practice was based on a subjective assessment of studies that satisfied the prespecified criteria.
Results
Studies
The study selection process outlined in Figure 1 identified 44 studies. There was fair or good agreement for study inclusion suitability (k ¼ 0.67) and data extraction (k ¼ 0.71). Study quality was rated as fair or good in dietary/lifestyle and pharmacologic studies, and fair or poor in surgical studies (Tables 1-3) .
Dietary/lifestyle therapy
In 16 studies that involved 5698 subjects, the mean age and weight of subjects across studies varied from 40 to 59 y and from 78 to 116 kg (Table 1) . In 13 studies, weight loss was assessed during a 3-to 18-month weight loss induction phase, when subjects received an intervention, followed by a 12-to 36-month weight loss maintenance phase after the intervention. In three studies, weight loss was assessed only during a 24-to 48-month induction phase. 53, 56, 57 Weight loss efficacy. Weight loss was usually o5 kg after 2-3 y (mean (7s.d.): 3.572.4 kg; range: 0.9-10.0 kg) and after 4-7 y (mean: 3.672.6 kg; range: 1.8-10.0 kg) based on a completers method of analysis. There was no subjective difference in efficacy for studies with only an induction phase (weight loss: 1.5-3.5 kg) compared to studies with an induction and maintenance phase (weight loss: 0.9-10.4 kg). Although no study reported on Z5% weight loss, it is likely that only a small proportion of subjects attained this target given the baseline weight (B100 kg) and weight loss (o5 kg) of subjects across studies.
Effects on cardiovascular risk factors. There was a trend across studies of decreased blood pressure with dietary/ lifestyle therapy, but it was statistically significant in some 47, [54] [55] [56] but not other 48, 51, 52, 57 studies. In studies of subjects with impaired glucose tolerance or type 2 diabetes, o5 kg weight loss conferred significant reductions in systolic (5-7 mmHg) and diastolic (5-6 mmHg) blood pressure, 47, 56 whereas in studies of subjects with hypertension, the effects on blood pressure control were inconsistent. 51, 52, 57 In one study, more subjects with diet counselling remained off antihypertensive drug therapy than subjects without counselling (39 vs 5%; Po0.001) although blood pressure control was better in subjects receiving drug therapy. 57 In three studies of subjects with impaired glucose tolerance or type 2 diabetes who received dietary/lifestyle and exercise counselling or usual care, counselling conferred a 58-63% lower risk of type 2 diabetes. 47, 56, 77 Applicability to clinical practice. Six studies had a follow-up of at least 4 y. Nine studies had high proportion (31-64%) of subjects lost to follow-up. This may affect clinical applicability of findings because in all but two studies, 50, 77 outcomes were reported based on a 'study-completers' analysis, which may overestimate weight loss because study completers may have greater weight loss than noncompleters. Long-term efficacy of weight loss methods JD Douketis et al Long-term efficacy of weight loss methods Estimates from graphical data. ref, reference; LOCF, last-observation-carriedforward; IGT, impaired glucose tolerance; LCD, low-calorie diet; VLCD, very-low-calorie diet; LDL, low-density lipoprotein cholesterol (mmol/l); HDL, high-density lipoprotein cholesterol (mmol/l); TG, triglycerides (mmol/l); fBG, fasting blood glucose (mmol/l); sBP, systolic blood pressure (mmHg); dBP, diastolic blood pressure (mmHg); NA, not available.
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International Journal of Obesity Six studies had a 'usual care' control group. 47, [51] [52] [53] 56, 59, 77 No study reported on weight loss and its effects of cardiovascular risks in high-risk groups, unless the study was limited to high-risk subjects. 47, 51, 52, 56, 57, 77 Pharmacologic therapy In 19 studies that involved 9953 subjects, the mean age and weight of subjects across studies varied from 40 to 58 y and from 87 to 102 kg (Table 2) . In all studies, subjects received a dietary/lifestyle regimen and either drug therapy or placebo, weight loss was assessed during drug therapy, and weight loss maintenance was not assessed after drug therapy was stopped.
Weight loss efficacy. Weight loss was usually 5-10 kg after 1 y (mean: 6.172.0 kg; range: 3.9-10.3) and after 2 y (mean: 7.271.6 kg; range: 4.9-8.9) based on a last-observationcarried-forward method of analysis. Weight loss of Z5% occurred in 40-60% of subjects, and those who received pharmacologic therapy had a three-fold greater odds of attaining such weight loss than subjects who received dietonly therapy (OR ¼ 2.94; 95% CI: 2.47-3.50) (Figure 2 ).
Orlistat therapy increased the odds of attaining Z5% weight loss compared with diet-only therapy after 1 y (OR ¼ 2.54; 95% CI: 2.17-2.90) and 2 y (OR ¼ 4.55; 95% CI: 1.99-10.4). Sibutramine therapy increased the odds of attaining Z5% weight loss compared with diet-only therapy after 1 y (OR ¼ 5.03; 95% CI: 2.27-11.1) and 2 y (OR ¼ 4.44; 95% CI: 1.87-10.5). Metformin therapy was associated with weight loss of o3 kg, although its primary effect was to improve glycemic control. In one study that compared metformin therapy with a lifestyle modification program, weight loss was greater with lifestyle modification (5.6 vs 2.1 kg; Po0.01).
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Effects on cardiovascular risk factors. Pharmacologic therapy improved lipid levels, and glycemic and blood pressure control, but these effects were drug specific and greatest in subjects with elevated baseline levels. Orlistat therapy was associated with modest but significantly greater reductions in LDL levels (0.11-0.38 mmol/l) than diet-only therapy, but there were no significant effects on HDL and triglyceride levels except in one study. 72 No significant effect on blood pressure compared with dietary/lifestyle-only therapy occurred, except in two studies, one of which involved subjects Long-term efficacy of weight loss methods JD Douketis et al with poorly controlled hypertension. 62, 71 Orlistat had inconsistent effects on glycemic control: modest but significantly greater reductions in fasting blood glucose (0.1-1.7 mmol/l) than diet-only therapy in six studies, [60] [61] [62] [63] 67, 68 but no difference in two studies. 65, 66 The greatest improvements in glycemic control occurred in subjects with type 2 diabetes. 67, 68 There were no significant effects of sibutramine therapy compared to diet-only therapy on lipids and glycemic control, but sibutramine was associated with higher systolic (1-4 mmHg) and diastolic (2-4 mmHg) blood pressure, 72, 73, 75, 76 including subjects with treated hypertension. 73, 75 Metformin had no effect on lipids or glycemic or blood pressure control in one study, 78 but in another study of subjects with impaired glucose tolerance, 77 metformin therapy conferred a 31% lower risk for type 2 diabetes.
Applicability to clinical practice. All studies except one 77 had a follow-up of 2 y or less. The 2 -y studies had a high proportion of subjects lost to follow-up (30-57%). This may affect clinical applicability of findings because outcomes in all studies were reported based on the 'last-observationcarried-forward' method, which may overestimate weight loss because outcomes before subjects leave the study are documented, and such subjects may be destined to regain lost weight. In all studies, there was an appropriate 'usual care' group who received placebo. No study reported on weight loss and its effects of cardiovascular risk factors in high-risk groups, unless the study was limited to high-risk subjects. 67, 68, 70, 71, 73, [75] [76] [77] 
Surgical therapy
In nine studies that involved 3622 subjects, the mean age and weight of subjects across studies varied from 34 to 49 y and from 110 to 142 kg (Table 3 ). All subjects received a dietary regimen, although this was usually not specified.
Weight loss efficacy. Weight loss was 28-76 kg after 2 y, [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] 17-73 kg after 3 y, [79] [80] [81] [86] [87] [88] [89] and 20 kg after 8 y in one study [82] [83] [84] based on a completers method of analysis. No study reported the proportion of subjects with Z5% weight loss, although this was probably high given the absolute weight loss with surgical therapy.
Effects on cardiovascular risk factors. Only two studies assessed this, [82] [83] [84] 88 thereby precluding meaningful commentary. In one study that compared surgical and nonsurgical weight loss after 8 y, the risk of type 2 diabetes was 84% less with surgery (OR ¼ 0.16; 95% CI: 0.07-0.36) but there was no effect on the risk of hypertension (OR ¼ 1.01; 95% CI: 0.61-1.67).
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Applicability to clinical practice. Three studies had a followup of at least 4 y. 80, [82] [83] [84] 89 The proportion of subjects lost to follow-up varied widely (5-42%), but was reported only in three studies. One study had a control group of 'usual care'. No study reported on weight loss in high-risk groups.
Discussion
There are three conclusions from this review: (1) in terms of weight loss efficacy, dietary/lifestyle therapy provides o5 kg weight loss after 2-4 y, pharmacologic therapy provides 5-10 kg weight loss after 1-2 y, and surgical therapy provides 25-75 kg weight loss after 2-4 y; (2) weight loss of Z5% is not consistently associated with improvements in cardiovascular risk factors, and when improvements occur they are mainly in high-risk groups and appear to be intervention specific; and (3) weight loss studies have methodologic limitations that restrict their application to everyday clinical practice. Our finding that dietary/lifestyle therapy is associated with only modest (o5 kg) weight loss, although surprising, was corroborated in the dietary-only arms of pharmacologic therapy studies, in which weight loss was 1.7-4.9 kg. Although greater weight loss occurs when pharmacologic agent is added to dietary/lifestyle therapy, this may require continuous drug therapy, as weight regain can occur after treatment is stopped. 90 However, orlistat and sibutramine are not approved for longer than 1 and 2 y, respectively.
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The large weight loss from surgery may depend on ongoing dietary/lifestyle interventions, 92, 93 and should be assessed against a 0.5-1% postoperative mortality risk and an increased risk of wound dehiscence, venous thromboembolism, and cardiorespiratory insufficiency. 94 Newer laparoscopic techniques, however, are associated with fewer postoperative complications. 94, 95 The impact of weight loss on cardiovascular risk factors is greatest in subjects with impaired glucose tolerance, type 2 diabetes, or hypertension, because changes in risk factors are more likely in subjects with abnormal baseline levels, and this is consistent with findings from observational studies that intentional weight loss is associated with increased longevity but only in people with pre-existing disease. 96, 97 We found, however, that these improvements may be intervention specific. Orlistat therapy was associated with a 5-10% decrease in LDL levels, which is comparable to a cholesterol-lowering diet. 98, 99 Some dietary/lifestyle interventions improved glycemic control and lowered blood pressure similar to antihypertensive drug therapy, 100 but without affecting lipids. Overall, our findings suggest that Z5% weight loss, irrespective of patient characteristics and intervention, does not uniformly improve cardiovascular risk factors. However, there is a lack of data to correlate weight loss with effect on markers of cardiovascular risk, as there may be weight loss thresholds that, depending on the study population, are associated with more consistent health benefits. A key issue is the restricted clinical applicability of the study findings. Few studies have longer than 3 y of followup, whereas studies of hypertension or diabetes management Long-term efficacy of weight loss methods JD Douketis et al typically have 4-8 y of follow-up to assess potential improvements in cardiovascular outcomes. 100, 101 Losses to follow-up were typically 30-60%, whereas o20% loss to follow-up, a minimum requirement for clinical trials, 34, 102 was satisfied by only six studies. With such high losses to follow-up, the 'study-completers' and 'last-observation-carried-forward' methods of analysis may overestimate weight loss efficacy and improvements in cardiovascular risk factors because they do not document weight regain that occurs after subjects leave a study. Only seven of 25 dietary/lifestyle and surgical therapy studies included a 'usual care' control group, which limits assessment of weight loss efficacy and impact on cardiovascular risk factors that might occur in clinical practice. Studies did not report the effects of Z5% weight loss on markers of cardiovascular risk factors in subjects with or without cardiovascular risk factors. Such information would assist in deciding about which patients would benefit most from weight loss. Furthermore, prior knowledge about the clinical significance of such weight loss in improving quality of life and reducing cardiovascular outcomes would strengthen the rationale for weight loss in high-risk groups. Overall, there is a need for standardized reporting criteria in weight loss studies to improve applicability of results to everyday clinical practice, and a proposed framework is outlined in Table 4 . Our review can be differentiated from other reviews of weight loss, which included studies with a short follow-up duration, did not specify the study selection process, or did not assess applicability to clinical practice. 7, [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] [113] [114] [115] [116] Our review has some limitations. We did not assess supplementary weight loss methods, such as behavioral or exercise programs, when used as stand-alone interventions. In general, these interventions provide modest weight loss (o5 kg), although exercise is important for weight loss maintenance and may reduce cardiovascular risk factors independent of weight loss. 117, 118 We also did not assess the mechanisms, benefits, and risks of specific weight loss methods, which have been addressed elsewhere. 7, 103, [114] [115] [116] Our findings have potential clinical implications. First, in obese people with cardiovascular risk factors, weight loss can provide some health benefits. However, the effects of weight loss on cardiovascular risk factors are modest and inconsistent, and are predicated on sustained, long-term, weight loss. These limitations suggest the need for additional interventions (eg lipid-lowering and antihypertensive drug therapy) to attain long-term, clinically significant improvements in risk factors. Second, in obese people without cardiovascular risk factors, maintenance of a stable weight is reasonable given the limited efficacy of weight loss interventions. Third, because weight loss is difficult to achieve and maintain, the prevention of obesity, rather than its treatment, may be a more worthwhile clinical focus.
To summarize, dietary/lifestyle therapy provides o5 kg weight loss after 2-4 y, pharmacologic therapy provides 5-10 kg weight loss after 1-2 y, and surgical therapy provides 25-75 kg weight loss after 2-4 y. Weight loss of Z5% baseline weight improves lipid levels and glycemic and blood pressure control, but these benefits occur mainly in people with cardiovascular risk factors and appear to be intervention specific. Most striking, perhaps, are methodologic limitations in weight loss studies that restrict the applicability of findings to everyday clinical practice. Additional 
